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(57) Abstract 

A method of joining workpieces denning a joint region therebetween. The method comprises carrying out the following steps without 
causing relative bodily movement between the workpieces: I) cause a probe (3) of material harder than the workpiece material to enter 
the joint region and opposed portions of the workpieces on either side of the joint region while causing relative cyclic movement between 
the probe (3) and the workpieces whereby factional heat is generated to cause the opposed portions to take up a plasticised condition; 2) 
remove the probes (3); 3) allow the plasticised portions to solidify and join the workpieces together. The relative cyclic movement comprises 
repeatedly causing relative movement between the probe (3) and the workpieces in one direction and then in the opposite direction about 
an axis extending through the joint region between the workpieces. 
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IMPROVEMENTS RELATING TO FRICTION WELDING 



The invention relates to methods of joining workpieces 
defining a joint region therebetween and methods of 
5 operating on a workpiece. The invention also relates to 
probes for use in these methods. 

In EP-A-0615480 we introduced a concept known as 
friction stir welding which is a method of joining 
workpieces defining a joint region therebetween comprising 

10 carrying out the following steps without causing relative 
bodily movement between the workpieces: causing a probe of 
material harder than the workpiece material to enter the 
joint region and opposed portions of the workpieces on 
either side of the joint region while causing relative 

15 cyclic movement between the probe and the workpieces 
whereby frictional heat is generated to cause the opposed 
portions to take up a plasticised condition; removing the 
probe; and allowing the plasticised portions to solidify 
and join the workpieces together. 

20 In the friction stir process, the tool or probe in the 

past has been either rotated, or oscillated (vertically) in 
the through thickness plane of the joint faces. Both 
methods have advantages and disadvantages. For example, 
with a rotating probe the mutual joint line or track seam 

25 can be substantially straight or curved, or even change 
direction through any angle including forming a seam at 
right angles, and so forth. However, with the rotating 
probe, there is a degree of asymmetry between the 
"advancing" and "retreating" sides of the probe where the 

3 0 motion is in the same direction as, or contrary to, the 
direction of travel. This asymmetry can lead to the 
formation of a continuous void on one side in the joint 
zone. 

On the other hand, with the reciprocating probe blade, 
35 the plasticised layer forms equally on either side on the 
blade. The joint line has to be substantially straight 
with the narrow blade in line with the joint. For curved 
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joint lines, especially with a relatively small radius of 
curvature, the blade is preferably curved with 
substantially the same radius of curvature. Moreover, with 
a narrow blade, if the blade is not accurately aligned with 
5 the joint, then the plasticised zones are formed in one 
material alone, and a joint between two components is not 
achieved. 

In the same European patent specification, we 
introduced the concept of friction plunge welding defined 

10 as a method of operating on a workpiece comprising offering 
a probe of material harder than the workpiece material to 
a continuous or substantially continuous surface of the 
workpiece, the probe depending from a containment member 
having a surface which faces the workpiece; causing 

15 relative cyclic movement between the probe and the 
workpiece while urging the probe and workpiece together 
whereby frictional heat is generated as the probe enters 
the workpiece so as to create a plasticised region in the 
workpiece material around the probe, the containment member 

2 0 substantially preventing dispersal of the plasticised 
material; stopping the relative cyclic movement; and 
allowing the plasticised material to solidify around the 
probe . 

This process is difficult to carry out with large 

2 5 probes. 

In accordance with one aspect of the present 
invention, a method of joining workpieces defining a joint 
region therebetween comprises carrying out the following 
steps without causing relative bodily movement between the 

3 0 workpieces: causing a probe of material harder than the 

workpiece material to enter the joint region and opposed 
portions of the workpieces on either side of the joint 
region while causing relative cyclic movement between the 
probe and the workpieces whereby frictional heat is 
3 5 generated to cause the opposed portions to take up a 
plasticised condition; removing the probe; and allowing the 
plasticised portions to solidify and join the workpieces 
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together and is characterised in that the relative cyclic 
movement comprises repeatedly causing relative movement 
between the probe and the workpieces in one direction and 
then in the opposite direction about an axis extending 
5 through the joint region between the workpieces. 

In accordance with a second aspect of the present 
invention, a method of operating on a workpiece comprises 
operating on a workpiece, the method comprising offering a 
probe of material harder than the workpiece material to a 
10 continuous or substantially continuous surface of the 
workpiece, the probe depending from a containment member 
having a surface which faces the workpiece; causing 
relative cyclic movement between the probe and the 
workpiece while urging the probe and workpiece together 
15 whereby frictional heat is generated as the probe enters 
the workpiece so as to create a plasticised region in the 
workpiece material around the probe, the containment member 
substantially preventing dispersal of the plasticised 
material; stopping the relative cyclic movement; and 
20 allowing the plasticised material to solidify around the 
probe and is characterised in that the relative cyclic 
movement comprises repeatedly causing relative movement 
between the probe and the workpieces in one direction and 
then in the opposite direction about an axis extending 
25 through the joint region between the workpieces. 

In this invention, we propose that the probe is 
oscillated about an axis extending through the joint region 
between the workpieces and this has the advantage that the 
plasticised material is formed substantially symmetrically 
30 on either side of the probe body, and can be used on both 
straight and curved joint lines. As will be appreciated, 
this arrangement overcomes the disadvantages of the two 
prior art methods. 

Typically, the relative cyclic movement will comprise 
35 a rotation and in some examples the cyclic movement could 
comprise a limited number of full revolutions in one 
direction followed by a similar number of revolutions in 
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the other direction. For example, up to ten or twenty 
revolutions in each direction* Although the motion is 
continuous in any one direction for a limited period , this 
does not lead to a build up of the cavity or void which has 
5 been experienced before. However, preferably, the degree 
of movement in each direction is less than a full rotation 
of the probe about the axis. 

In some cases, the axis about which the cyclic 
movement occurs is displaced from the probe so as to define 
10 a bodily arcuate or orbital movement. Preferably, however, 
the probe has an elongate axis which is coincident with the 
said axis about which the relative cyclic movement is 
caused. 

In accordance with a third aspect of the present 
15 invention, we provide a probe for use in a method of 
joining workpieces defining a joint region therebetween, 
the probe having an aperture extending therethrough. 

In accordance with a fourth aspect of the present 
invention, we provide a probe for use in a method of 
20 operating on a workpiece, the probe having an aperture 
extending therethrough . 

The methods with which the probes can be used may 
include methods of the type described in EP-A-0615480 and 
methods in accordance with the first and second aspects of 
25 the present invention. 

The presence of an aperture extending transversely 
through the probe is advantageous for some material where 
the joint surfaces tend to remain unbonded in spite of 
being heated to a degree of softening. For plastic 
3 0 material, particularly some thermoplastics, the surfaces of 
the material can remain with a lower degree of bond 
strength in spite of being heated and pressed together. 
This surface effect is avoided by the probe as described 
where the central region of the probe allows the break up 
3 5 of the joint surface as it passes through. 

In addition, or alternatively, the aperture may extend 
axially through the probe. 



BNSDOCID: <WO. 



9638256A1_L> 



WO 96/38256 PCI7GB96/01285 



In some examples, the aperture communicates with means 
for supplying material to the joint region via the probe. 
This is particularly advantageous with plastics materials 
such as thermoplastics , since it allows pre-heated material 
5 to be extruded through the probe to supply additional 
plasticised material to the joint region. This is 
beneficial especially where there is a poor fit between the 
components to be joined, or to allow a degree of thickening 
in the joint region. 
10 Some examples of methods and probes according to the 

invention will now be described and contrasted with known 
methods with reference to the accompanying drawings, in 
which: - 

Figures l and 2 illustrate known methods of friction 
15 stir welding; 

Figure 3 is a side elevation of a probe and support; 
Figures 4 and 5 are end elevations of two alternative 
probes ; 

Figures 6-8 are similar to Figures 3-5 but 
2 0 illustrating probes with laterally extending apertures; 
and, 

Figures 9-11 are longitudinal sections through three 
further probe constructions each having an axially 
extending aperture . 

2 5 The example shown in Figure 1 is described in more 

detail in EP-A-0615480 . Briefly, a pair of aluminium alloy 
plates 1A,1B are butted together about a joint line 2. A 
non-consumable probe 3 of steel supported beneath a 
cylindrical member 4 defining a shoulder 5 is brought to 

3 0 the edge of the joint line 2. The probe 3 is rotated by a 

motor 6 while the probe is traversed in the direction 7 and 
while the plates are held against lateral movement away 
from the probe 3. The rotating probe 3 produces a local 
region of highly plasticised material in each workpiece 
35 1A,1B and following passage of the probe, this plasticised 
material is allowed to solidify thereby joining the 
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workpieces together. The shoulder 5 acts to contain the 
plasticised material. 

In a second example of the prior art, shown in Figure 
2, the probe 3 is replaced by a reciprocating blade 8 which 
5 is traversed along the joint line 2. 

In these two examples, the probe 3 or the blade 8 is 
removed following its action. In another example (not 
shown but which again is described in EP-A-0615480) the 
probe is allowed to remain in situ (friction plunge 

10 welding) . 

It will be appreciated that using a rotating probe, 
there is a tendency to take material from the lefthand side 
and deposit it towards the righthand side as shown in 
Figure 1. This tendency can result in a void being formed 

15 on the lefthand side which is present throughout the seam. 
The same effect but to a lesser extent can occur in 
friction plunge welding. To eliminate this effect, a 
suitable close fit between the body of the probe and the 
materials to be joined is usually required. This problem 

2 0 does not occur with the method described in Figure 2 but 
then, as the blade 8 is relatively extended in the 
direction of travel and is relatively narrow, it must be 
accurately aligned with the joint seam and the joint seam 
must be substantially straight. (In an alternative 

25 arrangement for curved joint lines, the blade may be giving 
a similar curved shape so as to lie within the joint seam 
as it is being made.) 

In the preferred example of the present invention, the 
probe 3 is rotated to and fro in an arcuate manner about 

30 its axis 9 as it traverses 7 along the joint line 2 (Figure 
3). As will be appreciated, this motion is symmetrical 
with respect to either side of the joint line, and the 
problem of asymmetric movement of the plasticised material 
is avoided. 

35 Typically, the probe 3 will have a circular cross- 

section (Figure 4) and this has a further advantage over 
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the blade arrangement of Figure 2 in that it can traverse 
the joint line in any direction. 

In an alternative form, the probe 3' may have a 
semicircular portion 10 facing the direction of travel 7 
5 and straight edge portions 11 at the rear (Figure 5), 

In these examples, arrows 12 illustrate the degree of 
motion in each direction. In other examples (not shown) 
the probe could rotate further and could even fully rotate 
one or more times and then be reversed to rotate in the 
10 other direction by the same amount. For this, conveniently 
two drives operable in opposite directions can be used, 
each one being coupled in turn to the probe. 

In the Figure 3 example, the shoulder 5 presents a 
plane orthogonal to the probe 3. In some cases, it is 
15 preferable to angle the plane of the shoulder relative to 
the probe 3 . 

Preferably, the arcuate motion of the probe is 
substantially symmetrical about the tangent to the joint 
line at the position of the probe. 

20 Figures 6-8 illustrate a variation of the probes shown 

in Figures 3-5. In these examples, each probe 3'' ,3''' has 
an aperture 13 extending through it generally in line with 
the direction of traverse 7 . The advantages of the 
aperture 13 have been mentioned above. 

25 In a further alternative, the probe is constructed 

with a central axial hollow region or bore 14 (Figures 9- 
11) which opens into an enlarged bore 15 in the cylindrical 
portion 4. This bore 15 can be partially filled with an 
additional heated material such as aluminium which is 

30 passed into the joint 2. This further material can be 
substantially similar to the parent materials being joined 
or alternatively can be a different material to improve the 
properties of the joints so formed. The material is urged 
towards the bore 14 with a plunger 17 and a set of spring 

35 washers 18 (Figures 9 and 11) or an auger 18 (Figure 10). 
The spring washers 18 act against a cap 19 secured to the 
cylinder 4 . 
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In this case, the cylindrical portion 4 is surrounded 
by an induction coil 20 and a ferrite magnetic flux 
intensifier 21. 

Although the bore 14 has been shown as extending 
5 axially, in other arrangements (not shown) the probe may 
have one or more apertures to its rear so that the 
additional filler material passes into the joint at the 
rear, or the or each aperture could be provided facing 
forward. In further examples, both forward and rearward 
10 opening apertures could be provided or a series of small 
apertures could be positioned circumf erentially around the 
probe . 

The apparatus for generating the arcuate motion of the 
prob^ 3 could comprise a simple link mechanism. In this, 
15 one end of the link is attached to the probe (or 
cylindrical portion 4) and the other end is attached to a 
boss (not shown) which is not concentric with the rotating 
cylindrical portion 4. The eccentricity causes the probe 
3 to be moved in the arcuate manner described as the probe 

2 0 is constrained to remain coaxial with its support. In an 

alternative arrangement, an internal cam arrangement could 
be provided which causes an arcuate output motion from a 
rotating input shaft. These and other mechanisms can be 
used as appropriate giving rise to rotational arcuate 
25 motion with a frequency of at least 10 Hz and preferably in 
excess of 50 Hz. 

As an alternative to the mechanical arrangements, the 
probe could be oscillated in an arcuate manner using 
electromechanical or hydraulic techniques. 

3 0 A further advantage can be achieved by tilting the 

probe, typically in the range 1-3° to the vertical, to 
ensure that the forward angle between the axis of the probe 
and the surface of the workpiece in the direction of travel 
is not less than 90° (normal) but preferably slightly 
35 greater. In addition, we believe that a tilt transverse to 
the direction of travel is also advantageous in certain 
circumstances . 
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The friction stir welding process has particular 
advantages when carried out under water. Firstly, the 
process can be used to weld components under water in, for 
example, sub-sea and ship repair situations but it may also 
5 provide certain metallurgical advantages. For example, 
increased cooling rate will lead to a reduced heat affected 
zone and assist improvement in the chemical properties with 
some materials. 
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CLAIMS 

1. A method of joining workpieces defining a joint region 
therebetween, the method comprising carrying out the 

5 following steps without causing relative bodily movement 
between the workpieces: causing a probe of material harder 
than the workpiece material to enter the joint region and 
opposed portions of the workpieces on either side of the 
joint region while causing relative cyclic movement between 

10 the probe and the workpieces whereby frictional heat is 
generated to cause the opposed portions to take up a 
plasticised condition; removing the probe; and allowing the 
plasticised portions to solidify and join the workpieces 
together, characterised in that the relative cyclic 

15 movement comprises repeatedly causing relative movement 
between the probe and the workpieces in one direction and 
then in the opposite direction about an axis extending 
through the joint region between the workpieces. 

2. A method according to claim 1, wherein the joint 

2 0 region has an elongate dimension extending laterally 

between the workpieces, the method further comprising 
causing relative translational movement between the 
workpieces and the probe in the direction of the joint 
region. 

25 3. A method according to claim 1 or claim 2, wherein the 
probe extends through the thickness of the workpieces. 

4. A method according to any of claims 1 to 3 , wherein 
the workpieces comprise separate members. 

5. A method of operating on a workpiece, the method 

3 0 comprising offering a probe of material harder than the 

workpiece material to a continuous or substantially 
continuous surface of the workpiece, the probe depending 
from a containment member having a surface which faces the 
workpiece; causing relative cyclic movement between the 
3 5 probe and the workpiece while urging the probe and 
workpiece together whereby frictional heat is generated as 
the probe enters the workpiece so as to create a 
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plasticised region in the workpiece material around the 
probe, the containment member substantially preventing 
dispersal of the plasticised material; stopping the 
relative cyclic movement; and allowing the plasticised 
5 material to solidify around the probe, characterised in 
that the relative cyclic movement comprises repeatedly 
causing relative movement between the probe and the 
workpieces in one direction and then in the opposite 
direction about an axis extending through the joint region 
10 between the workpieces. 

6. A method according to any of the preceding claims, 
wherein the relative cyclic movement comprises a rotation. 

7. A method according to claim 6, wherein the degree of 
movement in each direction is less than a full rotation of 

15 the probe about the axis. 

8. A method according to any of the preceding claims, 
wherein the probe has an elongate axis which is coincident 
with the said axis about which the relative cyclic movement 
is caused. 

20 9. A probe for use in a method of joining workpieces 
defining a joint region therebetween, in which the method 
comprises carrying out the following steps without causing 
relative bodily movement between the workpieces: causing a 
probe of material harder than the workpiece material to 

25 enter the joint region and opposed portions of the 
workpieces on either side of the joint region while causing 
relative cyclic movement between the probe and the 
workpieces whereby frictional heat is generated to cause 
the opposed portions to take up a plasticised condition; 

3 0 removing the probe; and allowing the plasticised portions 
to solidify and join the workpieces together, the probe 
having an aperture extending therethrough. 

10. A probe according to claim 9, wherein the aperture 
extends laterally across the probe to enable plasticised 
3 5 material to flow through the probe in use. 
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11. A probe according to claim 9, wherein the aperture 
communicates with means for supplying material to the joint 
region via the probe. 

12. A probe for use in a method of operating on a 
5 workpiece, the method comprising offering a probe of 

material harder than the workpiece material to a continuous 
or substantially continuous surface of the workpiece, the 
probe depending from a containment member having a surface 
which faces the workpiece; causing relative cyclic movement 

10 between the probe and the workpiece while urging the probe 
and workpiece together whereby frictional heat is generated 
as the probe enters the workpiece so as to create a 
plasticised region in the workpiece material around the 
probe, the containment member substantially preventing 

15 dispersal of the plasticised material; stopping the 
relative cyclic movement; and allowing the plasticised 
material to solidify around the probe, the probe having an 
aperture which extends through the probe to enable material 
to be supplied to the joint region via the probe. 

20 13. A probe according to any of claims 9 to 12 , further 
comprising means within the probe for urging material out 
through the aperture. 

14. A probe according to claim 13, wherein the means 
includes a compression spring. 
25 15. A probe according to claim 13, wherein the means 
includes an auger. 

16. A probe according to any of claims 9 to 15, depending 
from a containment shoulder of a support member, the 
containment shoulder being planar and oriented in a non- 
30 orthogonal manner relative to the probe. 

17. A method according to any of claims 1 to 8, wherein 
the probe is constructed in accordance with any of claims 
9 to 16. 
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